Abstract Large-scale DNA sequencing, coupled with in silico gene trapping, is a robust approach to identifying unknown genes in selected genomic regions. Using this approach we have isolated a novel human gene, PROSC (for proline synthetase co-transcribed [bacterial homolog]), from human chromosome 8p11.2, and its mouse counterpart. The human PROSC gene spanned 17 kb of genomic DNA; its cDNA was 2530 bp long, with 8 exons that included an open reading frame of 825 bp (275 amino acids). The mouse cDNA (Prosc), 1995bp long, was predicted to encode 274 amino acids. PROSC is ubiquitously expressed in human tissues and has been highly conserved among divergent species from bacteria to mammals, suggesting its important cellular function. The gene product is likely to be a soluble cytoplasmic protein, but its function remains to be determined.
Introduction
Recent improvements in sequencing technologies and informatics have drastically increased the speed and efficiency of efforts to identify unknown genes. The development of automated fluorescent sequencers, in concert with high-capacity computers and sophisticated assembly programs, have made high-throughput genomic sequencing possible. New data can now be linked easily to a vast body of archived information in public databases, specifically expressed sequences (ESTs) that have been generated by the Human Genome Project. The 800,000 currently available ESTs are considered to represent 40,000-50,000 genes (Rowen et al. 1997) , and that number is growing. In addition, computational analyses using gene-finder programs such as GRAIL (Uberbacher and Mural 1991) and FEXH (Solovyev et al. 1994 ) predict exons from anonymous genomic sequences with reliable sensitivity and accuracy (Claverie 1997; Elkahloun et al. 1997; Ishikawa et al. 1998 ). Thus, sequencing large genomic regions and "trapping" genes within those sequences using computer software has become a highly efficient and powerful approach for identification of previously unknown genes (McKusick 1997) .
We have been determining nucleotide sequences of genomic DNA fragments from human chromosomes 3p22-p21.3 (Ishikawa et al. 1998; Daigo et al., 1999) , 8p11.2, and 8p21 (Isomura et al., manuscript in preparation) and identifying genes in those regions (Ikegawa et al. 1999a, b) . During this effort we sequenced a 1.8-Mb fragment of 8p11.2 and subsequently trapped a gene, designated PROSC (for proline synthetase co-transcribed [bacterial homolog]), that was highly homologous to putative genes of bacterial species associated with proline synthetases. Here we report isolation, characterization, and fine mapping of this evolutionarily conserved and, by implication, biologically interesting gene.
Materials and methods
Construction of sequence-ready contig of a genomic region on human 8p11.2
A cosmid contig representing a 1.8-Mb segment of human chromosome 8p11.2 was constructed from overlapping CEPH YACs (937_b_9 and 854_f_6) according to methods described previously (Murata et al. 1994) . The details of the physical map and information about the 1.8-Mb contig and genomic clones were deposited in Japan Science and Tech-nology Corporation Advanced Lifescience Information System (http://www-alis.tokyo.jst.go.jp/HGS/top.html). Several gaps in the cosmid contig were filled by BAC or PAC clones that we isolated using a down-to-well BAC/ PAC screening system (Genome Systems, St. Louis, MO, USA), or the Tukuba PAC screening system (Oligoservice, Tukuba, Ibaragi, Japan) according to the manufacturers' protocols.
Large-scale sequencing
Clones representing the minimal tiling path were sequenced by shotgun and primer-walking strategies (Ishikawa et al. 1998) . Briefly, cosmids, BACs, and PACs were fragmented by means of an ultrasonic disrupter (Tomy, Tokyo, Japan), and the DNA fragments were separated by electrophoresis in 0.8% agarose gels. Fractions 2-5 kb long were excised from the gel and recovered by electrodialysis. The fractionated DNAs were subcloned into plasmid vectors, those from cosmids into pBC and those from BACs and PACs into pBSII-SK(Ϫ). The recombinant plasmids were prepared using an automatic DNA extraction machine (PI-100; Kurabo, Osaka, Japan). The shotgun clones were sequenced by means of the ABI377 automated sequencer and the dRhodamine terminator cycle-sequencing FS ready reaction kit (ABI), using T3 and T7 universal primers. Nucleotide sequences were determined by sequencing more than ten subclones per kilobase of the source clones. These shotgun sequences were assembled using the Phred software program (Ewing et al. 1998) . Remaining gaps between assembled segments were filled by sequencing linking-plasmid clones obtained by primer-walking.
RT-PCR and direct sequencing of the human and mouse PROSC genes
The entire putative coding sequence of a human gene, PROSC, which was trapped from the sequenced region by exon-prediction software and by identity with ESTs in the database, was amplified with primers h/F09.ORF/f (GGGGGATGTGGAGAGCTGG) and h/F09.ORF/r (TTTCCCTGGCTCAGTGCTCC) using human testis and fetal liver cDNAs as templates. The putative coding sequence of the mouse homolog was amplified by primers m/F09.ORF/f (GAGCTGGGAGTCGGGTTC) and m/F09.ORF/r (CGGCCATCAGTTTGTTGAC), using mouse testis cDNA as a template. The PCR products were sequenced directly on both strands with an ABI377 autosequencer.
5Ј-RACE
5Ј-RACE (rapid amplification of cDNA end) was performed using the Marathon cDNA amplification kit (Clontech, Palo Alto, CA, USA) according to the manufacturer's protocol. Human testis and fetal lung RNAs (Clontech) were used as templates.
Database analysis
The BLAST program was used to search for similarity of the PROSC sequence to known DNA and protein sequences. Exon prediction was performed using GRAIL (version 1.3) and FEXH. Comparisons of amino acid sequences among different species were performed with the DNASIS program (Hitachi Software, Tokyo, Japan).
Northern blot analysis PCR products purified with Suprec II (Takara Shuzo, Ohtsu, Japan) and randomly labeled with [ 32 ]P were used as the probes in human and mouse multiple-tissue Northern blot systems (Clontech). The human probe was amplified with primers h/F09.ORF/f and h/F09.ORF/r, and the mouse probe with primers m/F09.ORF/f and m/F09.ORF/r. Prehybridization, hybridization, and washing were done according to the manufacturer's instructions. The membranes were autoradiographed at Ϫ80°C for 36h with intensifying screens.
Results and discussion
Isolation of human PROSC cDNA GRAIL analysis of one of the cosmids (c4545) present in the 1.8-Mb contig predicted five genomic segments, all aligned in the same direction, as exons with "excellent" scores. In addition, ESTs AA852337, AA463379, and AA310517 (Genebank) were found to overlap with the GRAIL-predicted exons. EST-walking revealed that these three ESTs were able to compose a single transcript with a single open reading frame (ORF) of about 800 bp. A database search using BLAST revealed that its predicted amino acid sequence was highly homologous to the product encoded by a C. elegans gene, F09.08 (Wilson et al. 1994) . RT-PCR experiments designed to cover the entire putative coding sequence yielded a single-band product of the expected size, confirming the existence of the gene.
Sequence information from the EST-walking, RT-PCR, and 5Ј-RACE experiments were integrated with the largescale genomic sequence to determine the cDNA sequence of the trapped gene, designated PROSC (DDBJ accession number, AB018566). The cDNA was 2530 bp long with an ORF of 825 bp (Fig. 1) . The 1669-bp 3Ј-untranslated region contained an Alu-like sequence at nucleotides 1438-1598, 78.5% identity). The cDNA was considered to be full length because the size of the clone corresponded well to the size of the PROSC mRNA indicated by northern blotting. Two possible initiating methionine codons were present, one at nt 37-39, and another at nt 55-57. The latter provided a better alignment with the initiating methionines of PROSC sequences from other species (Fig. 2 ) and was compatible with the Kozak consensus (GGC AGC ATG T), while the former was not (CGG GGG ATG T) (Kozak 1986 ). Never-theless, because the presence of an untranslated methionine upstream is unusual, we assumed that the ATG codon at nt 37-39 was the actual initiating methionine.
Isolation of the mouse Prosc gene
A database search revealed that multiple mouse ESTs had significant homology to the human PROSC sequence. ESTwalking from these mouse ESTs revealed they also could compose a single transcript, with a predicted amino acid sequence highly homologous to the human and C. elegans counterparts. The putative coding sequence was amplified by primers m/F09.ORF/f and m/F09.ORF/r, to yield a single-band RT-PCR product of the expected size. Direct sequencing of PCR products and EST-walking determined the mouse cDNA sequence, Prosc (DDBJ accession number, AB018567). The 1995-bp cDNA encoded 274 amino acids with 86.5% sequence similarity to its human counterpart (Table 1) . A search of the public database showed that the amino acid sequence of human PROSC possessed significant homology to F09E5.8 (YU68_CAEEL), a hypothetical 27.2- .20, and a protein in the pilT 5Ј-region of Vibrio alginolyticus. All these proteins, which range in size from 24 to 30 kDa, contain a number of conserved regions.
Comparison of amino acid sequences among divergent species revealed that the following six elements were conserved during evolution:
The third of these sequences has been recognized as the signature of an uncharacterized protein family, UPF0001 (consensus pattern:
; Prosite: http://www.genome.ad.jp/ dbget-bin/show_man?prosite). The other five elements revealed no similarities to known sequence motifs in the public databases. Thus, the PROSC gene has been highly conserved throughout evolution, and therefore its product is likely to play a vital role in cellular function. De Wergifosse et al. (1994) speculated that bacterial PROSC may be involved in proline synthesis because it is located upstream from and may be cotranscribed with proC, a known proline biosynthetic gene (Savioz et al. 1990 ). Its role in mammals remains to be determined.
Expression of human PROSC in various tissues
Northern blot analysis detected a single, ubiquitously expressed human transcript about 2.6 kb long (Fig. 3) . Multiple "hits" of human PROSC against the EST database also indicated ubiquitous and abundant expression of this gene. Chromosomal location and character of the human PROSC gene
Comparison of cDNA and genomic sequences revealed that the entire human PROSC gene was contained in cosmid clone c4545, one of the sub-clones derived from a YAC, 937_b_9 on 8p11.2. The gene was situated between STS markers NIB1979 (proximal) and AFMA295ZD5 (distal), and oriented toward the centromere (Fig. 4) . The gene spanned 17.2 kb of 8p11.2 and consisted of eight exons (Table  2) ; all sequences at exon-intron junctions were consistent with the AG-GT rule. In C. elegans (YU68_CAEEL) and A. thaliana (F12F1_20), the PROSC genes are composed of only seven exons, whose exon-intron junctions were not in good alignment with the human genomic structure. In summary, we have isolated a novel human gene, PROSC, through large-scale sequencing of a genomic region on 8p11.2 coupled with analysis by gene-trapping software. We also identified its mouse counterpart. This gene is ubiquitously expressed in human tissues, and has been highly conserved throughout evolution. The PROSC product is likely to be a soluble cytoplasmic protein whose function remains to be determined.
